Reactivation of latent varicella zoster virus (VZV), presenting as localized zoster or as disseminated infection, is a common and potentially serious complication in hematopoietic stem cell transplantation (HSCT) recipients. We retrospectively studied anti-VZV IgG titers by the immune adherence hemagglutination method after HSCT and VZV DNA by real-time PCR during clinical VZV reactivation using cryopreserved serum samples. No significant difference was found between anti-VZV titers in 13 patients with VZV infection (localized zoster in 11 patients and disseminated zoster in 2 patients) and those in 13 subjects without VZV infection at each time point after HSCT. Pre-existing anti-VZV titers of disseminated zoster cases tended to be lower than those of localized zoster cases (P=0.10). Serum VZV-DNA copy numbers at onset of disseminated zoster cases tended to be higher than those of localized zoster cases (P=0.09). A strong inverse correlation was found between pre-existing anti-VZV titer and serum VZV-DNA at onset (r=-0.90, P=0.006). In HSCT recipients, pre-existing antibody does not prevent development of VZV reactivation but may contribute to decreased viral load at onset, resulting in a mild clinical course.
Introduction
Reactivation of varicella-zoster virus (VZV) is a common event in patients undergoing hematopoietic stem cell trasnplantation (HSCT) (1, 4, 6, 9) . In post HSCT recipients, VZV reactivation can occur frequently as localized zoster and sometimes as disseminated cutaneous lesions resembling varicella with or without visceral involvement, which results in a high mortality rate (1, 4, 6, 9) . Previous studies revealed that VZV-specific memory T cells play a crucial role in suppressing reactivation (1, 8) . Although all recipients experience a T cell immune-deficient period after HSCT, clinical severity of VZV infection after HSCT varies from self-limiting cases to fatal disseminated cases. The risk factors that determine clinical severity have not been elucidated. Despite current use of varicella zoster immunoglobulin (VZIG), the role of humoral immunity against VZV infection has been poorly evaluated. The aim of this study was to determine the relationship between sustained anti-VZV antibody titers and clinical manifestation of VZV reactivation in HSCT recipients.
Patients and Methods

Patients.
Patients who had undergone HSCT in our department during the period from February 1995 to March 2004 were enrolled as subjects of this study. Thirteen patients with VZV infection after HSCT were enrolled. Eleven patients (allo, 7; auto, 4) suffered localized zoster. Two patients (both allo) suffered disseminated zoster with visceral involvement (1 with acute abdomen and 1 with interstitial pneumonia). Thirteen patients who had been followed for at least 3 years after HSCT without clinical VZV infection were studied as control subjects. Patients' characteristics are shown in TABLE 1. The backgrounds of the two groups, including age, male/female ratio, autologous/allogeneic Masahiro Onozawa 4 HSCT, TBI regimen and GVHD, are almost the same. In an allo-HSCT setting, acyclovir was administered orally at a dose of 1,000 mg/day from day -7 to day 35 to prevent HSV infection. Ten grams of immunoglobulin was administered intravenously on day 0 and every other week until day 100 for prophylaxis of opportunistic viral infection in patients who had undergone allo-HSCT. In an auto-HSCT setting, acyclovir was administered orally at a dose of 1,000 mg/day from day -7 to engraftment, and 2.5 grams of immunoglobulin was administered on days -7, 0, 7 and 14. We retrospectively studied the transition of anti-VZV-IgG titer by the immune adherence hemagglutination (IAHA) method (before and at 3, 6, 12 and 24 months after HSCT) and VZV DNA by real-time PCR during clinical VZV infection (onset and paired serum) using cryopreserved serum samples. IAHA assay. IAHA analysis was performed as described previously (6) . Pearson's correlation test. VZV DNA was analyzed after log transformation. The lower limit of the assay was used in the case of negative PCR results.
Diagnosis of clinical VZV infection.
Results
VZV infection occurred within 1 year after HSCT in 11 of the 13 patients. The onset of VZV infection varied day 56 to day 595 (median, day 155) after HSCT. All VZV infections occurred after cessation of prophylaxis with acyclovir. In 6 of the 10 allo-HSCT cases, VZV infection occurred during use of an immunosuppressant. All patients were treated with acyclovir. There were no deaths from VZV infection. All patients were seropositive for VZV before HSCT (FIG. 1A) . None of the patients had a known history of VZV exposure before VZV infection. All VZV infections were considered to be reactivation of innate VZV. One patient with VZV reactivation, most severe case, had become seronegative before the development of disseminated zoster and interstitial pneumonia.
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VZV reactivation in the other 12 cases occurred during the persistent existence of anti-VZV.
There was no statistically significant difference between anti-VZV titers in the 13 patients with VZV reactivation and those in the 13 controls at each time point after HSCT (FIG 1A) .
The last results before clinical VZV infection (pre-existing anti-VZV) varied widely from <x2
to >x256 (median, x32). Pre-existing anti-VZV titers of disseminated zoster cases tended to be lower than those of localized zoster cases (P=0.10). Acceleration of the titer (IAHA: >x4) after VZV infection was not observed in any of the 8 recipients with VZV infection within the first 6 months after HSCT but was observed in 3 of the 5 recipients with VZV infection after 6 months (P=0.04) (FIG. 1B) . Seven available samples that had been obtained from 2 patients with disseminated zoster and 5 patients with localized zoster at onset of VZV infection (stored on day 1 of skin eruption before administration of acyclovir)
were examined by real-time PCR. VZV DNA was detected in all disseminated zoster cases and in 3 of the 5 localized zoster cases, whereas VZV was undetectable in all paired sera (2 to 9 weeks after onset; data not shown). VZV DNA copy numbers at onset of disseminated zoster cases tended to be higher than those of localized zoster cases (P=0.09). Pre-existing anti-VZV titer and serum VZV DNA were inversely correlated (r=-0.90, P=0.006) (FIG. 1C) .
Discussion
Reactivation of latent VZV, presenting as localized zoster or as disseminated infection, is a common and potentially serious complication in HSCT recipients. Previous studies revealed that 23% to 60% of patients can be expected to develop VZV infection after HSCT In the case of primary VZV infection, no one has pre-existing anti-VZV and the disease is always disseminated. In this situation, early detection of high anti-VZV titers does not predict milder infection (2) . In contrast, in the case of VZV reactivation, loss of specific cell-mediated immunity is observed in all cases, but titers of pre-existing anti-VZV vary.
Mazur et al. reported that the absence or low level of circulating innate anti-VZV was a significant risk factor for dissemination of virus in herpes zoster (7) . Based on these findings, we speculated a protective role of pre-existing anti-VZV titer against VZV reactivation after HSCT.
Although pre-existing anti-VZV could not prevent development of VZV reactivation in our series, a strong inverse correlation was found between pre-existing anti-VZV and serum 
